Abstract-In this paper, a multiband flexible antenna is presented. This antenna was realized on a flexible substrate in order to realize a deployable system for a distress beacon. We used the concept of open-sleeve antenna to change a quadrupole mode into a dipole mode. The main radiating element of the antenna is a dual-band folded U-shaped antenna. The operating frequencies of this antenna are studied depending on the length of the parasitic elements. In order to understand the matching and the radiation patterns in far field of both antennas (U-shaped and open-sleeve), their magnetic behaviors in near field are studied in simulation and in measurement. The simulated and measured radiation patterns are also presented to check the study in near field.
INTRODUCTION
The objective of the BELOCOPA project is the development of an autonomous, embedded and removable beacon to localize and collect the data of a crashed plane in sea. Our objective was to realize a deployable multiband antenna for this distress beacon. This antenna has to be flexible and has to radiate dipole modes at three resonance frequencies in the UHF band.
These last years, a lot of radio-communication embedded systems, very small and flexible antennas have been developed [1] [2] [3] [4] [5] [6] [7] . Some antennas for example can be integrated in an inflatable system, like in a sonobuoy [8] , or in a lifejacket [9, 10] .
In order to realize a multiband antenna, different techniques can be used, like associating monopoles [11] , designing a fractal antenna [12] or a wideband antenna [13] . In this paper, we present a new design of dipolar multiband antenna. This design is based on the concept of open-sleeve antenna associated with dual-band systems. Previous papers [14, 15] shown that an open-sleeve monopole antenna is equivalent to a dual-band antenna with dipole modes thanks to parasitic elements. So as to obtain a tri-band antenna with dipole modes, we use the principle of the open-sleeve antenna on an antenna that radiates naturally two dipole modes by changing the quadrupole mode into a dipole mode with parasitic elements. The main element of our antenna is a folded U-shaped antenna that radiates two dipole modes. Adding parasitic elements, we change the third mode which is quadrupole into a dipole mode. This antenna is studied with and without the parasitic elements. Both configurations are studied in near field and in far field. The simulation results presented in this paper are done with the transient solver of the software CST Microwave Studio.
ANTENNA DESIGN
The antenna is realized on a surface W 0 ×L 0 = 50 mm×250 mm. This antenna is called folded U-shaped antenna because it looks like a capital letter "U" with its arms folded inside the "U" (Figure 1 ). The folded U-shaped antenna is represented on Figure 1(b) and the realized open-sleeve folded U-shaped antenna is represented on Figure 1 A part of the top of the substrate of antenna is cut (represented by two discontinuous black lines in diagonal) because the substrate height is too long to visualize correctly the form of the antenna.
The flexible substrate of the antenna is made by polyurethane coated polyester material, with 0.32 mm thickness and a relative permittivity ε * r = (3.0 − j0.2). This permittivity is retrieved using transmission/reflection method in a coaxial line [16, 17] . The metallic parts are realized with 35 µm thickness copper tape. To consolidate the main radiated element, the folded U-shaped part is hand sewn on the substrate with a metallic wire (0.02 mm in diameter). This hand sewing on the flexible substrate induces some ripples along the folded U-shaped part that are difficult to design in simulation. The feeding of the antenna is a coplanar line with 50 Ω characteristic impedance. The dimensions of the ground plane are W 0 = 50 mm and G 1 = 20 mm.
The two parasitic elements with length L 3 = 46 mm and width W 2 are added to the folded U-shaped antenna at a distance d 4 = 3.75 mm from the outer of the U-shaped.
FOLDED U-SHAPED ANTENNA

Resonance Frequencies
The reflection coefficient S 11 of the folded U-shaped antenna was measured in an anechoic chamber on the frequency band [300-2300] MHz. In Figure 2 , the simulated and measured reflection coefficients are represented in continuous and discontinuous line respectively. The measured S 11 coefficient does not match the simulated S 11 coefficient perfectly because the sewing of the U-shaped part of the antenna causes some geometric distortions not taken into account in the simulation. Nevertheless, the simulated and measured results are in agreement, we can note four resonant modes. The first mode is located at the frequency f 1 = 590 MHz, this frequency is done by length 
Near Field Results
To understand the behavior of the antenna in far field, the magnetic field is studied. Indeed, the current distribution along the radiating elements of the antenna provides a complete description of the radiation pattern. To do this, we developed an experimental setup to measure the magnetic field at a studied point − −− → H(x) above the antenna since it is directly proportional to the current distribution in the studied
μ 0 the permeability of free space, k the wavenumber, x the studied point and x a point in the studied space. For the configuration of our antenna, only H x and H z participate to the radiations. The H x component has a vertical symmetry, and the H z component has vertical and horizontal symmetry. Because our antennas are geometrically symmetric on the vertical axis, the H x component is sufficient to describe the nature of the studied mode. We plot the real part of the field, because it gives information on the amplitude and phase of H x . The measurement is realized in an anechoic chamber thanks to a 3D axis positioning system. The probe is a magnetic loop with
The probe is positioned 7 mm above the antenna (7 mm < 0.04λ i ). The magnetic field is measured on a surface delimited by the red rectangular in Figure 3 . The normalized real part of H x is visualized in Figure 4 for the folded U-shaped antenna without parasitic elements in simulation and measurement. The magnetic field H x is represented at the three resonance frequencies f 1 , f 2 and f 3 . The simulated and measured results are in good agreement. Figures 4(a) and 4(b) represent the real part of H x of the folded U-shaped antenna, at the first mode f 1 in simulation and measurement respectively. The magnetic field along the antenna has a positive sign inside the arms of folded U-shaped antenna (arm 2, arm 3), and it has a negative sign on the outer arms (arm 1, arm 4) of the folded U-shaped. The direction of the current is represented with white arrows in Figure 4(a) . Then, the direction of the current is anti-clockwise (if the arms 2 and 3 are spread, the current moves in the same direction).
The real part of H x at the second mode of the antenna is represented in Figure 4 (c) (simulation) and 4(d) (measurement). The way of the current is in the same direction on the inner arms 2 and 3 (positive sign), and has two opposite directions (negative and positive signs) on the outer arms 1 and 4 of the antenna. The resulting electromagnetic mode is dipolar [15] . Effectively, the dominant current moves in a single direction, on the inferior part of the outer arms 1 and 4, and then on the inner arms 2 and 3 of the antenna.
Figures 4(e) and 4(f) represent the real part of H x of the folded U-shaped antenna at the third mode f 3 . Two distinct areas are noticeable, Re(H x ) of the upper part of the antenna has negative sign and Re(H x ) of the lower part has positive sign. The magnetic field is in phase opposition on the superior and inferior arms of the antenna. This third mode is then quadrupole. 
Far Field Results
The radiation patterns of the folded U-shaped antenna are represented on Figure 5 for the three first resonance frequencies. The radiations are visualized in three dimensions thanks to the simulation results. The radiation patterns are measured in the anechoic chamber of Centre Commun de Ressources en Microondes (C.C.R.M., Marseille, France). The distance between the antenna under test and the receiver antenna is 8.40 m [14] . The antenna is positioned vertically at the center of the polar coordinates. The top of the antenna is at θ = 0 • , and the ground plane is at θ = +/ − 180 • . The differences between simulation and experiment results are due to the geometric differences between the designed and realized antenna. Indeed, the distortions induced with the sewing of the Ushaped part on the flexible substrate are not simulated. For the two first resonance frequencies f 1 and f 2 (Figures 5(a)-(d) ), the radiation patterns are actually dipolar in simulation and measurement. The gains in simulation are similar for f 1 (1.34 dB) and f 2 (1.39 dB). At the third resonance frequency f 3 ( Figures 5(e)-(f) ), the radiation patterns in simulation and measurement are quadripolar, as expected from the conclusions in near field. The quadripolar patterns are asymmetric due to the ground plane (smaller lobes in the inferior part). The differences of amplitude of the two inferior lobes between the 
OPEN-SLEEVE FOLDED U-SHAPED ANTENNA
The aim is to get dipole modes at the first three resonance frequencies.
Resonance Frequencies
In order to choose the length L 3 of the parasitic elements to obtain a multiband antenna, the matching of the antenna depending on the length L 3 is studied in simulation. The reflection coefficient |S 11 | in dB on the frequency band [300-2300] MHz is represented in Figure 6 according to the length L 3 . The 10 dB impedance bandwidths (|S 11 | < −10 dB) are represented in light blue or dark blue. The case of the folded U-shaped antenna without parasitic element is framed for L 3 = 0 mm on Figure 6 (at the bottom of the figure) . Figure 6 shows that length L 3 of the parasitic elements does not have the same effect on the modes of the folded U-shaped antenna. The frequency position of the first mode (590 MHz) is not affected by the parasitic elements up to they reach the length L 3 = 75 mm. The first mode is extinct from this length, this gives the maximum length of the parasitic elements (L 3 = 75 mm). The frequency position of the second resonance frequency is few affected by the parasitic elements up to they reach L 3 = 75 mm. The second mode is also extinct at the length L 3 = 75 mm. However, the matching of the second mode is better with the parasitic elements. For the third mode, the resonance frequency is very affected by the length L 3 . When the parasitic elements are longer, the third mode resonates in a lower frequency. From L 3 = 40 mm, the resonance frequency of the second and third modes are close to constitute a wideband mode.
With this configuration, a dual-band antenna is obtained with a narrow band dipole mode and a second wideband mode, assumed dipole. In order to validate our supposition, the length of the parasitic elements was chosen L 3 = 46 mm (framed in the middle on Figure 6 ). The folded U-shaped antenna with parasitic elements of length L 3 = 46 mm is called the open-sleeve folded U-shaped antenna. Figure 7 shows the reflection coefficients in simulation and in measurement of this antenna. The first mode in simulation and in measurement is at the frequency f 1 = 550 MHz. In simulation, the second mode is a wideband mode as explained previously. In measurement, some differences appear. However, the third mode is lower in frequency compared to the third mode the folded U-shaped antenna without parasitic elements. The second and third mode in measurement are at the frequencies f 2 = 850 MHz and f 3 = 1010 MHz respectively. The magnetic field is in phase opposition on the inner and outer tracks of the antenna, so the parasitic elements do not alter the first dipole mode.
Near Field Results
The real part of H x at the second mode of the open-sleeve antenna is represented in Figure 8 (c) in simulation and 8(d) in measurement. The magnetic field has a dipolar behavior on the inner tracks, and a quadripolar behavior on the outer tracks of the folded U-shaped. As for the parasitic elements, they have a dipolar behavior in phase opposition to the inner tracks. This mode at f 2 keeps the dipolar behavior, the adding of the parasitic elements behaves like a matching circuit. 
Far Field Results
When the parasitic elements are added to the folded U-shaped antenna, the three radiation patterns on Figure 9 are obtained. In the same way as the radiation patterns of the folded U-shaped antenna ( Figure 5 ), some differences between simulation and measurement result are due to the difficulty to simulate the realized antenna with the ripples of the sewing. The radiation patterns at the three first resonance frequencies are dipolar in simulation and in measurement. In simulation, the gains of the open-sleeve folded U-shaped antenna are 1.35 dB at the first resonance frequency f 1 , 1.42 dB at the second resonance frequency f 2 and 1.47 dB at the third resonance frequency f 3 .
The quadrupole mode of the folded U-shaped antenna has been changed into a dipole mode adding parasitic elements that resonate at the third mode. 
CONCLUSION
With the study of this folded U-shaped antenna, we are able to realize a multiband antenna thanks to the adding of the parasitic elements. Two modes of this antenna can be tuned modifying the dimensions of the folded U-shaped antenna whereas the third mode is generated through the parasitic elements. The advantage of this antenna is the matching in term of resonance frequency for the third mode. Indeed, we can obtain a tri-band antenna or a dual-band wideband antenna depending on the parasitic elements length. The aim of this work is to realize an ejected maritime beacon during an aircraft crash in the sea (BELOCOPA project). Initially, the antenna was studied in free space.
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